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http:WHAT THIS PAPER ADDS
Previous studies showed a suboptimal accuracy of computed tomography angiography (CTA) in the diagnosis of
suspected abdominal aortic aneurysm rupture (RAAA). This may introduce a bias in any comparative analysis of
open and endovascular repair of RAAA. This issue was investigated in a series of 97 patients with suspected
RAAA by using intra-operative ﬁndings as reference. We observed one false-negative and two false-positive
diagnoses. These ﬁndings suggest that the risk of false-positive diagnosis at CTA is low and may not signiﬁcantly
affect the correct interpretation of the results of comparative analyses of surgical versus endovascular repair of
RAAA.Objectives: This study was planned to evaluate the accuracy of computed tomography angiography (CTA) for
suspected rupture of abdominal aortic aneurysm (AAA).
Design: Retrospective, observational study.
Patients: A total of 97 patients who underwent open aneurysm repair for suspected rupture of AAA.
Methods: The accuracy of preoperative and post hoc evaluation of CTA scans was evaluated by using the intra-
operative ﬁndings as reference.
Results: At surgery, 58 patients were found to have a ruptured aneurysm. Interpretation of CTA ﬁndings at
admission resulted in one false-negative and two false-positive diagnoses of aneurysm rupture as observed at
surgery (sensitivity 98.3%, speciﬁcity 94.9%, positive predictive value 96.6%, negative predictive value 97.4%).
Post hoc, blinded review of CTA ﬁndings resulted in one false-negative and three false-positive diagnoses of
aneurysm rupture (sensitivity 98.3%, speciﬁcity 92.3%, positive predictive value 95.0%, negative predictive value
97.3%). Agreement between initial and post hoc assessment of CTA-ﬁndings was statistically signiﬁcant (kappa
0.978, p < 0.0001).
Conclusions: CTA is highly accurate in the diagnosis of suspected rupture of AAA. The risk of false-positive
diagnosis is very low and it is not likely to affect the correct analysis of the results of comparative studies on
endovascular versus open repair of ruptured AAA.
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SpeciﬁcityEndovascular treatment of ruptured abdominal aortic
aneurysm (RAAA) has been shown to be associated with
lower operative mortality than open repair.1 This may be
partly due to the minimally invasive nature of endovascular
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//dx.doi.org/10.1016/j.ejvs.2012.12.006well as prompt control of rupture site, which avoids
signiﬁcant bleeding and haemodynamic instability.
However, a preoperative selection bias can exist in terms of
technical feasibility of endovascular repair (whether aneu-
rysm anatomy is suitable for stent grafting) and patient’s
condition (open repair is mandatory in case of frank intra-
peritoneal rupture and poor haemodynamic conditions).
Indeed, endovascular suitability has been recognised as
a determinant of better outcome in patients undergoing
open repair of ruptured AAA.2 Furthermore, despite the fact
that computed tomography angiography (CTA) is recognised
as the most accurate diagnostic modality in the evaluation
of symptomatic AAA, in a number of patients signs of RAAA
at CT do not correspond to the operative ﬁndings.3,4
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potentially introduce a signiﬁcant bias as repair of unrup-
tured AAA is associated with lower operative mortality
compared with ruptured AAA.5 This study was planned to
evaluate the accuracy of CTA in suspected rupture of AAA in
patients who underwent open aneurysm repair in order to
have a reference standard for diagnosis.METHODS
This is a retrospective study including a consecutive series
of 97 patients with suspected AAA rupture who under-
went preoperative CTA and open aneurysm repair
between April 2004 and March 2012 at the Oulu Univer-
sity Hospital, Finland. For the purposes of this study, AAA
rupture was suspected in case of any aneurysm of the
abdominal aorta associated with abdominal and/or back
pain with or without anaemia or unstable haemodynamic
conditions. Patients with suspected rupture of aneurysms
involving the common iliac artery were also included in
this study.
Patients were preoperatively assessed with a 16-slice CTA
until 2006 (23 patients) and later on with a 64-slice CTA (74
patients) by on-call radiologists with different experience in
diagnostics of AAA. Images were obtained without admin-
istration of contrast agent and later on after non-ionic
contrast medium (iodine, 350 mg ml1) was given intrave-
nously at a rate of 4.0 ml s1 (total dose: 85 ml) using an
automated power injector and with a delay of 25 s. The slice
thickness varied from 0.6 to 1.0 mm. This protocol did not
change during the study period. The on-call radiologist
reviewed the CTA scans based on consultation with an on-
call resident surgeon and/or experienced cardiac or vascular
surgeon, who provided the radiologist with detailed infor-
mation about the clinical conditions of the patient. The on-
call radiologist reported detailed information on CTA ﬁnd-
ings and a statement regarding any suspicion on aneurysm
rupture before surgery, therefore without knowledge of the
intra-operative ﬁndings. CTA was performed within 2 days
prior to surgery. Post hoc reviews of CTA scans were also
conducted in July 2012 by an experienced radiologist (J.P.)
blinded to the patient’s condition and intra-operative
ﬁndings. CTA ﬁndings as described by the on-call radiologist
and by the radiologist at post hoc review were compared to
assess inter-observer variability, and compared with intra-
operative ﬁndings (diagnostic reference standard) to assess
diagnostic accuracy of CTA.
Aneurysm rupture was deﬁned as bleeding outside the
adventitia of the dilated aortic wall.6 Therefore, an aneu-
rysm was considered ruptured only when signs of extra-
mural, either retroperitoneal or intra-peritoneal, bleeding
were observed at the time of surgery. Aneurysms without
any sign of extramural bleeding were deﬁned as unrup-
tured. Aneurysms with contained rupture to the anterior
longitudinal ligament/vertebrae without any sign of
bleeding outside the aneurysm were also deﬁned as
unruptured, because this condition is not associated with
active bleeding and haemodynamic instability.This study complies with the Standards for Reporting of
Diagnostic Accuracy (STARD) guidelines.7 The study protocol
was approved by the Institutional Board of the Oulu
University Hospital.
Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) v. 20 statistical software
(IBM SPSS Inc., Chicago, IL, USA). Continuous variables are
reported as the mean  standard deviation. Categorical
variables are presented as absolute values and percentages.
Fisher’s exact test and the ManneWhitney test were used
for univariate analysis. The diagnostic performance of CTA
was assessed by using the ﬁndings at surgery as the refer-
ence. Diagnostic performance of 16-slice versus 64-slice CTA
was assessed by Fisher’s exact test. The kappa statistic was
used to assess inter-observer agreement. Sensitivity, speci-
ﬁcity, positive predictive value and negative predictive value
were reported with their 95% conﬁdence interval (95%CI). A
p < 0.05 was considered statistically signiﬁcant.RESULTS
Complete details on preoperative CTA ﬁndings as well as
intra-operative ﬁndings were obtained for all these patients.
At surgery, 39 patients were found to have an unruptured
aneurysm. In two of these patients, a contained aneur-
ysm rupture to the vertebrae was observed without any
sign of retroperitoneal bleeding. Signs of intra-peritoneal
bleeding were observed at surgery in 33 out of 58 patients
(56.9%) with ruptured AAA. In two patients, symptoms
were related to rupture of an aneurysm of the common iliac
artery.
Characteristics of patients with ruptured and unruptured
AAA are summarised in Table 1. Patients with ruptured AAA
were signiﬁcantly older (p < 0.0001, proportion of octo-
genarians: 32.8% vs. 12.8%, p ¼ 0.031), had lower preop-
erative haemoglobin level (p < 0.0001, proportion of
haemoglobin <100 g l1: 41.4% vs. 5.1%, p < 0.0001), had
higher serum creatinine level (p < 0.0001) and larger
aneurysm (p ¼ 0.004) than patients with unruptured
aneurysm. Shock was present in 29.3% of patients with
ruptured AAA and in none with unruptured aneurysm.
No patients with symptomatic, unruptured aneurysm
died after surgery. The in-hospital mortality of patients who
underwent surgery for ruptured AAA was 25.9%.
Interpretation of CTA ﬁndings at admission resulted in
one false-negative and two false-positive diagnoses of
aneurysm rupture as observed at surgery (sensitivity of
98.3% (95%CI 90.9e99.6), speciﬁcity of 94.9% (95%CI 83.1e
98.6), positive predictive value 96.6% (95%CI 88.5e99.1),
negative predictive value 97.4% (95%CI 86.5e99.5))
(Table 2).
Post hoc review of CTA ﬁndings resulted in one false-
negative and three false-positive diagnoses of aneurysm
rupture (sensitivity of 98.3% (95%CI 90.9e99.7), speciﬁcity
of 92.3% (95%CI 79.7e97.3), positive predictive value
95.0% (95%CI 86.3e98.3), negative predictive value 97.3%
(95%CI 86.2e99.5)) (Table 2).
Table 1. Baseline characteristics of patients with symptomatic, unruptured abdominal aortic aneurysm versus those with ruptured
abdominal aortic aneurysm.
Overall series
97 Patients
Symptomatic, unruptured
aneurysm
39 Patients
Ruptured aneurysm
58 Patients
p-Value
Age (years) 72.2  9.1 68.9  8.6 74.4  8.8 <0.0001
Age  80 years 24 (32.8) 5 (12.8) 19 (32.8) 0.031
Female gender 11 (11.3) 4 (10.3) 7 (12.1) 0.78
Haemoglobin (gr/L) 114  26 132  18 102  23 <0.0001
Haemoglobin < 100 gr/L 26 (26.8) 2 (5.1) 24 (41.4) <0.0001
Creatinine (mmol/l) 102  54 78  24 118  61 <0.0001
Diabetes 16 (16.5) 5 (12.8) 11 (19.0) 0.42
Stroke 11 (11.3) 4 (10.3) 7 (12.1) 0.78
Prior vascular/endovascular surgery 15 (15.5) 7 (17.9) 8 (13.8) 0.58
Pulmonary disease 28 (28.9) 13 (33.3) 15 (25.9) 0.43
Atrial ﬁbrillation 24 (24.7) 5 (12.8) 19 (32.8) 0.026
Coronary artery disease 50 (51.5) 18 (46.2) 32 (55.2) 0.38
Shock 17 (17.5) 0 (0) 17 (29.3) <0.0001
Max. aneurysm diameter (mm) 78  20 72  19 82  20 0.004
Continuous variable are reported as mean  standard deviation; Dichotomous variables are reported as absolute variables and
percentages (in parentheses).
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tation of CTA ﬁndings with operative ﬁndings were
observed in patients evaluated by 16-slice CTA. The differ-
ence in terms of false-positive (p ¼ 1.00) and false-negative
ﬁndings (p ¼ 1.00) between 16-slice and 64-slice CTA was
not statistically signiﬁcant.
The agreement between initial and post hoc assessment
of CTA ﬁndings was excellent (kappa 0.978, p < 0.0001).DISCUSSION
In the 1990s, CT was shown to be the most accurate diag-
nostic modality in the evaluation of suspected AAA rupture,
but a number of false-positive and false-negative cases
were observed at that time.3,4 Since then, no study has
been performed on this issue employing modern CT tech-
nology. A recent study8 showed a marked inter-observer
disagreement in the interpretation of CTA ﬁndings in
patients with suspected AAA rupture, although diagnosis
was not veriﬁed at surgery. We do not know the reason for
such a suboptimal inter-observer agreement, but it certainly
indicates that CTA, as previously reported, may not be so
accurate in patients with suspected rupture of AAA. As
stated by the authors,8 the observers were blinded to anyTable 2. Data on patients with suspected rupture of abdominal aortic a
tomography angiography.
Patient
no.
Age
(years)
Haemoglobin
level (gr/L)
Shock Aneurysm
size (cm)
Delay from
CTA to surg
1 77 89 No 13.5 Same day
2 60 142 No 6.8 Same day
3 83 119 No 6.1 Same day
4 62 123 No 7.7 Two days
CTA: computed tomography angiography.information about the preoperative clinical state of these
patients and this might have contributed to the less
consistent diagnostic accuracy of CTA. These observations
indicate that so far there is no evidence of satisfactory
accuracy of CTA in this emergency condition. This issue is of
major clinical and scientiﬁc signiﬁcance as a false-negative
diagnosis may cause a delay in treatment, whereas a false-
positive diagnosis may be a source of bias in the correct
evaluation of outcome after endovascular repair of
ruptured AAA.
Despite previous observations, the present analysis
showed that, at our Institution, the accuracy of initial
interpretation of CTA ﬁndings in the diagnosis of symp-
tomatic AAA is very high. Furthermore, we observed
a signiﬁcant agreement between the diagnosis done by the
on-call radiologist, often a resident, called to evaluate
emergency CTA ﬁndings and that of an experienced inter-
ventional radiologist. These ﬁndings indicate that, at least at
our Institution, CTA is accurate in the diagnosis of AAA
rupture before repair and this allows exclusion of any major
bias in any comparative analysis of surgical versus endo-
vascular repair of this severe emergency condition.
There are a number of limitations that need to be
acknowledged and addressed regarding the present study.neurysm and false-positive or false-negative diagnosis at computed
ery
Aneurysm status
at initial CTA
assessment
Aneurysm status
at post hoc CTA
assessment
Aneurysm status
at surgery
Rupture Rupture Intact
Rupture Rupture Contained rupture
to the vertebrae
Intact Intact Rupture
Intact Rupture Intact
230 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 3 March/2013Beside the retrospective nature of this study, the inclusion of
patients evaluated by two different CT scanners during
a long study period may be sources of bias. Furthermore, we
cannot exclude that a correct diagnosis was made by the on-
call radiologist also on the basis of the preoperative clinical
status of these patients. Although this may be the case,
diagnosis with imaging techniques is to some extent affected
by the knowledge of clinical ﬁndings. This is particularly true
for emergency conditions. However, post hoc analysis of CTA
scans by an experienced radiologist blinded to any clinical
information on these patients showed that inter-observer
agreement and diagnostic accuracy were excellent also on
the sole basis of CTA ﬁndings. We recognise that including
a number of patients who underwent open repair for
asymptomatic, intact AAA would have provided further
strength to these ﬁndings. However, more than one-third of
these patients were found to have an intact AAA at surgery
and this number of subjects may be enough for a correct
analysis of CTA ﬁndings. The present study has been per-
formed in a single institution; therefore, these ﬁndings may
not be generalisable. However, in this series CTA ﬁndings
were interpreted correctly also by resident radiologists,
which further indicates the high degree of accuracy of CTA in
this emergency condition.
In conclusion, the present results indicate that, at our
Institution, the differential diagnosis of unruptured versus
ruptured AAA at emergency CTA is highly accurate. The risk
of false-positive or -negative diagnosis of ruptured AAA at
CTA is very low and this allows the correct interpretation of
the results of comparative studies on endovascular versus
open repair of ruptured AAA.
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